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INTRO!UCTION
During the past tew year s, t he interest in aviation has in
c reaeed by l eaps and bound s.

Likewise, the new spec ie.J. ty ,

AT1ation Med ic ine, has receiTed i ts share or interest.

We con

sid er it q11ite apropos to consi der a phase ot ATiation Med icine
at this time.
In our hi story we have at tempted to gi Te the reader a panoramic
Tiew or Aviation Med icine and it e development re.th er th.an that ot
equil ibration al one.

However, we have

considered only the Anatom;y,

Ph�siology-, and it s Prac tiee.J. Appl ic ation ot equilibration to
Aviation.

EQ,Ull.IBRATION IN RELATION TO AVIATION

Rex N. Carr

"I now come to the fateful moments when we were overcome by
the terrific action of reduced pressure.
seized me.

I wrote nevertheless •••• though I had no clear recol-

lection of writing.
his eyes.

At 22,900 feet •••• torpor

We are rising.

Croc~ 1s panting.

Sivel shuts

Croc& also shuts his eyes •••• at 24,000 feet the condi-

tion of torpor that overcomes one is extraordinary.
become feebler.
an im1ard joy.

There is no suffering.

Body and mind

On the contrary one feels

There is no thought of the dangerous position;

rises and is glad to be rising.

one

I soon felt myself so weak I could

not even turn my head to look at my companions •••• ! wished to call
out that we were now at 24,000 feet but

my

tongue was paralyzed.

All at once I shut my eyes and fell down powerless and lost all
further memory."

1, 23

So read the dramatic report of Tissandier dur-

ing a balloon ascension to 28,280 feet during which he was a subject
for the experimentation of Paul Bert.

HISTORY
a result of the published accounts of Glaisher and Coxwell's
1
balloon ascension to 29,000 feet in 1862 by Glaisher, Paul Bert, the
As

French physiologist began to experiment with changes in barometric
pressure.

In 1878, Bert published his "LaPression Barometique" as

a result of his studies with Tissandier, Croc6 and Sivel's balloon
a

;'

ascension during which Croc& and Sival died but Tissandier recovered.

3

Other than this classic by Bert, little if any, experimental work
was done in relation to the effects upon humans in their invasion
of the air.

It was not until 1910 when Cruchet and Moulinier ma.de

studies on a group of aviators and the Germans began studying the
effects of flying and the special qualifications required by
aviators •
Upon the realization of the potentialities of the airplane as
a war weapon and that 90 per cent of the accidents were due to pilot error, aviation medicine took a spurt during the period 1916
to 1917, at least, to the extent of increasing the physical standards for flight training.

By 1917, all of the Allies and the

Central Powers had realized the importance of aviation medicine
and had assigned medical men to their air services.

During the

early war period when this country was a neutral and because interest in aviation was practically nil compared to Europe's, the
United States lagged behind.
2

However, in spite of this comparative disinterest, in April
1914, many conferences were held concerning the qualifications of
flyers' temperamental and physical qualities, and especially, in
the latter case, of the eyes such as ocular balance, refraction
errors, etc.

In an effort to establish regulations none could be

obtained from foreign countries so the first regulations were compiled with the aid ot a textbook on Physiology, and the Army and
Naval requiremmts for vision and hearing.

•

However, after a month

o:f trial the standards were found to be too high, and regulations

4

were altered.
In spite or this preliminary work prior to 1917 and shortly
•

thereafter, medical officers were attached to the Air Service with
the disadvantage of having no training in the special medical problems as presented by aviation.

With the realization of this handi-

cap, on October 18, 1917, a Medical Research Board was established
comprised of four officers and one civilian.

The purpose ot this

Board was to investigate all of the conditions affecting the efficiency ot the pilots and to act as a "Standing Medicine Boa.rd" to
consider all factors pertaining to their physical and mental fitness.
At the first meeting of this board in October, 1917, they considered
the establishment at a laboratory.

HONever, it was not until Janu-

ary, 1918, that the new research laboratory was opened and ready for

operation at Hazelhurst Field, Mineola, Long Island.

During this

two month delay the Board was not idle but instead was busy interviewing many fliers and doing limited research.

Their work was

greatly facilitated by the reports from General Theodore C. Lyster
and Major Isaac Jones, who investigated medical aviation in Europe.
Work at the laboratory proceeded rapidly in spite of the handicap of everything being new and the laboratory space bad to be enlarged.

By June, 1918, progress bad been to the extent that the

selection of the flier had been standardized and the care of the
flyer had been placed in charge of the Flight Surgeon.

Thus we find,

at last, that the infant, Aviation Medicine had taken its first step
forward.

5

The practical application of Aviation U~dicine proved of so
much value in the United States that in August, 1918, a group or
34 officers and 15 enlisted men were sent to France where a Medical Research Board, with two branch units, was established.
Colonel Wilmer was appointed "SUrgeon in Charge of Medical Research Laboratory" Air Service A.E.F.

A main

laboratory was set

up at the 3rd Aviation Instruction Center and a branch laboratory
at Tours.
The experience in France gave Aviation Medicine an excellent
opportunity to oompare the results of its observations in the laboratory and flying schools in United States with the examinations
in France of very highly trained flyers, who had been subjected to
the stress at intense training, inclement weather, great danger and
actual combat.
Upon the realization that Aviation Medicine had become a speciality

aIXl

that special training was necessary before one was qual-

ified for work in Aviation Medicine, a school for Flight surgeons
was created in May, 1919, and in November, 1919, was established at
1litchell Field, Long Island,

Later, however, in Decenber, 1922, it

was moved to Brooks Field, Texas, and in October, 1931, it was moved
to its present location at Randolph Field.
Though great progress was nBde during the late war years,

by

1920, the development ot aircraft was proceeding at such a rapid

rate that it required the full attention of the Air Corps and the
Medical Research Laboratory was permitted to pass out of the picture.

6

D\n'ing the active phase of the Medical Research Bureau and the
School of Aviation Medicine, their major premise was along the
lines of occup:,.tional influences, illnesses, and their cures with
little regard for the equipment angle of the problem.

With the

realization of the need for such research, Major Malcolm Grow,
Chief Flight Surgeon of the Air Corps succeeded in establishing a
Physiological Research Unit at Wright Field as a part of the Engineering Section with the purpose of ffconducting research in con-

nection with the development of flying equipment and accessories
to the end that the efficiency, heal th and lives of the personnel
2

be protectedff.

Captain H. G. Armstrong was assigned to the

organization or the unit.
Comparatively little work was done, however, until 1926 when
lqers of the U.S. Air Corps began experimenting and studying the
physiological factors involved in blind flying.
Aviation and Aviation Medicine owes

.IID.lCh

to Lindbergh's trans-

Atlantic flight in 1927 because immediately thereafter, aviation
received the stimulus necessary to remove its cloak of lethargy.
In direct proportion, Aviation Medicine received its share of interest, and in 1929, the Association of Flight Surgeons was formed
in the United States.

In March, 1930 they first published their

Journal of Aviation Medicine.

After Lindbergh's flight, there was

a sudden development of aviation transportation companies, such as
Pan-American Airways, and since that time until the present, there
has been increasing demands for faster, better, and safer equipment.

7

But as those demands were granted, it became evident that more
experimental work in the human element was necessary.
In 1933 there was a beginning revival ar the aero-medical
•
laboratories in the various countries ar the world, and by 1938
England, France, Poland, Russia, Germany, Japan, Italy, Hungary,
Argentina, and United States, had established such research bureaus.
Here in the United States ef'fart was me.de to establish the counterpart at the original Air Service Medical Research Laboratory that

,-

was

a:,

successful during w·orld War 1.

On May 29, 1935, authority

was finally granted to construct, equip, and staff an aero-medical
Research Laboratory.

However, it was not until January 1, 1937,

that it was completed and begun to function.

By April 15, 1938,

the second laboratory tor Aviation Medicine was under construction
at Kansas City, Missouri, for Civilian Aviation, and to be known as
the Medical Science Station of the Civilian Aviation Authority.
Since the establishimnt of these two stations more general
medical research laboratories have become interested in aeromedical problems.

During the last few years all

ar

the major air-

, lines have established their own laboratories, end have aided considerably in the advance of Aviation Medicine.

Thus we have devel-

oped at the present time a fully mature medical speciality ••••••••
Aviation Medicine.

Now, with the current World War raging Aviation

Medicine has received further impetus tor advance, the limits of
which no one knows.

8

AMATOMY

A Diagranmatic Representation

ot the Membranous Labyrinth.

Fo.c1a I N.

Posterior

Cochlear N.

Tt;mpan 1c l'Tlembra.ne.

Cod, lea.
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ANATOMY

In order to properly understand the .function and its application

or

the vestibular apparatus it is necessary that we first

consider its anatomy-.

3

The bony labyrinth consists of a series
petrous pert of the temporal bone.

or

cavities in the

The cavities are three semi-

circular canals each of which open by its two extremities into an
ovoid chamber known as the vestibule.

The bony labyrinth lodges a

series of hollow membranous structures - the membranous labyrinth
which consists

or

(a) three semicircular canals lying in the corres-

ponding bony canals, (b) two sacs, the utricleand saccule situated
in the vestibule.
The semicircular canals have at one end a bulb-like expansion.
known as the ampulla in which is located the specific sense organ.
These canals are filled with a fluid known as the endolymph and are
surrounded by a similar fluid known as perilymph.

The canals lie

in planes approximately at right angles to one another and are
called respectively:

(a) External or horizontal, (b) Anterior or

vertical, and (c) Posterior or vertical.

The non-expanded extremi-

ties of the vertica.l canals comnunicate with one another forming a
cOJDnon canal through which they communicate with the utriele.

The

external canal, which lies horizontally, is directed with its convex! ty outwards and backWards.

When the head is in an erect posi-

tion this canal is only approximtely horizontal as it is inclined
back.wards and downwards at an angle of 30 degrees to the horizontal

10

plane .

The vertical canals both make an angle of 45 degrees with

the frontal and sagittal planes, i . e . their planes cross both the
frontal and sagittal planes diagonally.
The following folding card model is presented, not with the
idea that all of the pla
that the reader may

utely correct , but rather so
as to the position of

those canals.

I

fln +er101'

10
'----

plane.

The vertical canals both make an angle of 45 degrees with

the frontal and sagittal planes, i.e. their planes cross both the
frontal and sagittal planes diagonally.
The following folding card model is presented, not with the
idea that all of the planes are absolutely correct. but rather so
that the reader may obtain a general idea as to the position of
those canals.

'---'

c@

An+er101'
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In order to illustrate more fully the positions of the semicircular canals, the following illustrations are presented.

I

/lnieNor View

/'

I

+
I
I

)

1@f/
I
G

I

I
Lateral View
I

Su;tmor View
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The crista is the receptor organ o:f' the semicircular canals.
It is situated in the ampullae and consists ot a mound of sensory
hair cells between which are non-sensory supporting cells.

The

sensory cells are surmounted by a gelatinous dome-shaped structure
known as the cupola in which are contained tine longitudinal channels in which the hairs, or cilia, are lodged.

Yest, hu /Q,. J./e , ve

I

A Diagrammatic Representation
of the Crista Ampullaris.

The otolith organs - the utricle and saccule .

In the wall of

the utricle are the openings of the three semicircular canals .

It

also co.1mm1nicates with the saccule by a small canal - the ductus
endolymphaticus .

The sense organ o:f' the utricle is called the

macula which consists of a plaque of sensitive hair cells covered
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by a layer of gelatinous mterial (the otolith membrane) upon which
are situated crystals or small concretions of lime, otherwise known
as otoliths .

The macula lies approximately horizontal but sloping

slightly down and back.
The saccule lies interior to the utricle communicating with
t:te utricle and the cochlea.
via the duct of Henson.

Its connection with the cochlea is

The saccule has as its sense organ a struc-

ture similar to that of the utricle and which is also known as the
macula .

However, the .macula is roughly vertical, sloping from be-

hind, forward am inward and below up and inward .

Thus the two

maculae saccul1 lie on different planes whereas the two utricular
me.culae are in the same plane .
Illustration D
•
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Perpendicular Transaction of the Border

5

of the Macula Sacculi from the Guinea Pig.
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To assist further in the understanding

or the functioning ot

equilibration, I have attempted to show diagrammati cally the ner3

vous pathways ot the labyrinth as represented by Best and Taylor
5

am by Rasmus sen.
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Nervous Pathways of the Equilibratory System.
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PHYSIOLOGY
In any discussion concerning the role of the vestibular apparatus in equilibration or even of equilibration itself it will not
suffice just to consider the anatomical aspects, but rather one
nust consider the physiological aspect as well.

However, rather

than relegating ourselves to the physiologist's viewpoint alone,
we have reviewed a few of the otologists' opinions of physiological mechanisms of the vestibular apparatus.
We consider it quite apropos at this point to consider some of
7

the '\\Ork of the early investigators in the physiological phases ot
the vestibular apparatus.

7

Duri~ the years 1824 to 1829 Flourens working on his experiments w1 th birds followed the procedure of destroying the organ and
observing the result of its absence upon the whole organism.

In

further w:>rk he extirpated one or the semicircular canals rather
than the whole organ.

As a result of such experiments, he observed

that the symptoms still continued a year after the operation;

also

he noted that the subject could still hear and that the direction
of movement was exactly the same as that of the canal which had
been divided.
No further work was done until 1870 at which time Goltz v«>rking on the :f'rog postulated that the semicircular canals were a
sense organ concerned with equilibrium and as a result, he proposed
a theory of hydrostatic equilibrium according to which the semicn-cular canals are stimulated by the weight of the endolymph -
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that the weight is greatest when a canal is in a vertical position;
zero when in a horizontal position and has intermediate values according to the inclination of the canal.
stimulus, or a series
sensation.

or

Thus there is a variable

stimuli, each giving rise to a different

Therefore, according to this theory we may conclude

that Goltz believes the semicircular canals are the specific organ
for the sense of position of the head.
7

Lussana, working in 1871 to 1875, concluded that the function
of the semicircular was that
sounds.

or

responding to the dire ct ion of the

Re held that the motor disturbances observed by Flourens

in his extirpatory experiments could be reconciled with this theory
by

assuming they are dependent upon giddiness resulting from the

postoperative irritation of the cane.ls and on irregular perception
of sources of sounds.
About the sans time that Lussana was working and theorizing,
another theory began to develop due to the efforts of Breuer, Mach,
and Crum-Brown, all working independently.

According to this theory

the semicircular canals served for the perception of angular accelerations, that is, variations in speed of rotation of the head and
body.

Further, that whenever a rotation occurred, the inertia of

the endolymph caused it to move in the opposite direction and these
currents in the endolymph bend the eilia on the crests fixed to the
wall of the canals.

Displacement of the sensitive hairs produces

nervous impulses differing from each other according to which crest
has been stimulated and therefore according to the plane of

17
original movement.
8

Breuer believes that but a momentary impulse to the endolymph
can result from the inertia of this fluid both on starting and
stopping rotation, before this motion is overcome by the friction
of the fluid on the walls of the membranous canals.

He explains

the persistence of the nystagmus, sensation of rotation and/or
falling by the assumption that this momentary impulse impinging on
the cupola displaces this structure on the crista and until the
cupola can regain its original position with respect to the crista,
there is a persistence of the stimulation of the hair cells, and as
a resultant a continuation of the phenomena produced by the stimulation of the hair cells.
8

While B~!ny agrees with Breuer as to the momentary impulse to
the endolymph, his explanation for the persistence of n:ystagmus,
etc. 1s based upon his assumption that there are nystagmus centers
which aq,lod e as a result of the momentary impulse concurred on
either starting or stopping rotation thus producing nystagmus.
These centers contain stored energy which will last only so long
before being expended.
8

Ewald working independently from Breuer brought out several
fundamental physiological facts due to his work on pigeons.

He

showed that an endolymph current in a particular canal produced
forced movements, head motion and nystagmus only in the plane ot
that canal;

that movel!Bnt of the head or the slow phase of the

n:ystagmus is always in the direction from right to left, or from

18
left to right of endolymph current;

that in each of the canals, a

stronger response was elicited by an endolymph current in one direction from that caused by a current in the opposite direction and
that the greater response in each canal was always from those currents which produced a movement toward the opposite side.
11

Both Ewald and Breuer showed that the direction of the flow of
the endolymph in a single canal controls the nystagmus.

Thus, if

the endolymph in the right horizontal canal is forced toward! the
ampulla, the eyes oove to the left and conversely, if movement is
away from the am.pulla, the eyes move to the right.

As a result of

his studies on the pigeon, Ewald developed his first law to the effect that the horizontal canals are maximally stimulated 1:f' the
movement of the endolymph is towards the ampullmwhereas the vertical canals are maximally stimulated when the movement is away from
the ampullae.
Through his caloric experiments in which he placed warm or
8

cold water into the external ear B~Any found that the endolymph
could be made to flow in either direction in the two canals (superior and hori'zontal) which lie close to the middle ear chambers.

If

the subject is in an upright position and the caloric stimulation
is

instigated, he found that e~dolymph currents occurred only in

the superior canals which lie in a vertical position and that there
is no such movement within the horizontal canals.

However, he fur-

ther found that if the head is so tipped that the horizontal canals
become vertical and the superior canals lie in a horizontal plane

.
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the endolymph current flows in the horizontal canals.

When the

superior canals are stinnllated a rotatory nystagmus occurs, whereas,
when the horizontal canals are stimulated a purely horizontal nystagnns results.

If the head was placed in such a position that both

of the canals were partially in a perpendicular plane a mixed rotatory and horizontal nystagJills occurred.

Strangely enough, the

nystagmus occurring when the head was in an upright position stopped
the moment that the superior canal was placed in a horizontal plane
8

and according to Shambaugh, Breuer' s and B!.r!ny' s theories will not
explain this.

8

Shambaugh believes that the cupola in the crista ampullaris
is a fixed cap on the crista, hence is incapable ot any movement
thus any interaction between the cupola and the hair cells of the
erista will continue only oo long as the endolymph current exists.
10
Maxwell writing in his "Labyrinth and Equilibrium" minimizes
the importance of the semicircular canals and the ampullae, and
states that the ampullae are not necessarily dependent upon the
semicircular canals for their :function.

He is of the belief that

all of the fune ti ons of the ampullae can be performed by the otoli th
apparatus.

While each ampulla has a specialized function responding

to rotation in a single plane, the otolith organs are capable of
responding to rotation in all planes except horizontal.
8

However,

Shambaugh is not in accord with Maxwell inasnmch as he believes
that the cristae ampullaris play a more important role than do the
end organs at the vestibule in supplying what he calls "tonus

_

20

impulsesff which are constantly emanating from the labyrinth to supply the skeletal muscles through which equilibrium is maintained.
8

Apparently Ewald had some such similar conception at one time
of equilibration and the vestibular apparatus because he attempted
explanation by saying that there was a constant stimulation of the
hair cells as a result of the ciliary motion occurring in the hair
cells of the crista.

8

However, Shambaugh easily annuled that idea

with the statement that the hairs do not project free into the endolymph, but rather are covered by the cupola.
10

Maxwell is apparently correct, at least in the principle of the
function of both the arnpullae and the otolith apparatus, in that he
believes the condition of excitation in those structures depend upon displacements occurring which produce changes in fftension" (the
author was not very specific when he used this term and meant that
it could be stretching or compression of the nerve e~dings or even
bending of the hair cells), and that these fftensionff changes can
give rise to impulses somewhat similar to those exciting the vagus
nerve endings in the lungs.

At any rate, in each case any rota-

tional movement of the head gives rise to a displacement of some
structure in the labyrinth by virtue of the inertia created with a
resulting change in "tension" upon the nerve endings .
Since the normal stimulation of the cristae is the result of
8

endolymph movement against the sides of the cupola Shambaugh thinks
that this motion of the endolymph could be the result of the pulsa tion of the labyrinthine artery which produces a to-and-fro movement

21

to the fiu1d.

7

Even early investigators such as Breuer sharply differentiated
between the tunction of the semicircular canals and the otolith apparatus. He felt that the otolith apparatus perceived linear ac,

celerations and the position of the head

w1 th

respect to gravity.

He.ever, here also inertia would be of importance inasmuch as the
otoli ths would cause the cilia to bend by virtue of their greater
specific gravity thus tending to re.me.in behind during rectilinear
zoovements.

Such displacement of the cilia, or hair, can occur in

three dimensions of space as in rotation and the two kinds of stimulation can be combined in all manner of ways resulting in t~e individual being made aware of the position and of the changes ot
posit ion or zoovement of his head.
6

Quix believes the ::i;ressure exerted by the endolymph on the
cristae during a rotatory movement of the head at varying speeds
is sufficient to produce physiological stimulation of the semicircular canals.

As a result of this stimulus there are three reac-

tions, the first of which produce a subjective sense of rotation of
the head in the plane of the canal stimulated in a direction contrary to the ::i;ressure direction or flow of the endolymph;
corresponds to the actual direction of acceleration.
there is apt to be

thus it

Secondly,

a autonomic nervous system reflex wherein there

is nausea, vomiting and sweating.

Finally there is a reflex acting

upon the eye muscles so that there is developed a nystagmus with
slow or vestibular phase in the direction of the endolymph pressure

22

and the compensatory rapid (central or cerebellar) phase in the opposite direction.
Incidentally and interestingly enough, there are three types

ot nystagmus that may result :trom stimulation of the semicircular
canals.

6

The follming diagranmatic tigure shows the position of

the eyes, direction of the nystagmus and the forces within the semicircular canals necessary to produce such movements.

{vt
tiol"13onl-a/

]
N!fstagmus

Yesh)Jular' Phase.

»<!>

<Sr>

Rofafc><y NJsta9mus

to fl,e Left

Vesh.hular' /Jhase fo fhe Left

<o>Ox(]<o>
Vert,cal Nysfagmu..1
Veshhu/aJ' ?Aase. Dow.n

Not only is there a reaction upon the eyes via the oculovestibular pathway but there is also a reaction upon the neck,
trunk and extremity muscles via the vestibulospinal tract so that
stimulus of the cristae moves the head on the neck, trunk and limbs.
Thus during any passive involuntary and unexpected movements when
the center of gravity is shifted with respect to the vertical, the
reflexes raised in the voluntary muscles bring the body unconsciously back to its equilibrium.

Thus we see that the semicircular

canals have a dynamic function.

..

23
The normal physiological stinnu.us ot the otolithic organs Quix
believes to be the pressure exerted by the otolith on the hairs ot
the hair cells.

As in the semicircular canals, there are three

kinds of reactions resulting from this stimulation - a sensation ot
the position ot the head in space;

an autonomic nervous system re-

fiex as in the case of the semicircular canals;

and a reflex act-

ing upon the eyes, neck, trunk, and limbs wherein the utricle
("lapilli") regulates the tonus relation between the flexors and
extensors of the limbs, neck and trunk, am between the reetus
superior and inferior of the eyes, thus the :f'unctional plane of the
utricle is in the median aagittal plane.

There is also involvement

of the sacculae ("sagittae") which regulates the tonus relation between the abductors and adductors of the limbs, the rotators of the
neck and between the oblique muscles of the eyes with the resulting
:f'unotional plane being in the frontal plane.
From this discussion Quix concludes that the otolith apparatus
is an organ of sense for the perception of the position of the head
in space and for stimulation required for certain positions ot the
eyes in the orbit.

Also it gives rise to those attitudes of the

body which are appropriate during this position of the head and
which maintains equilibrium on the whole.
11

Hyndman writing much later (1939) adequately sums up the whole

question of function of the vestibular apparatus by stating that
the canals are responsible for adjustments to quick movements and
rotational moves and stimulation of these canals produce nystag:mus,

6
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past pointing and a subjective sense of rotation and falling,
whereas the otolith apparatus governs the labyrinthin righting reflexes, the compensatory position of the eye and postural tone .

....
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PRACTICAL APPLICATION

In the preceding discussi~n much has been said concerning the
vestibular apparatus, its structure and function .

However, we must

not lose sight of the fact that there are other factors involved in
equilibration which are brought to our attention, and which have a
greater significance, in aviation.
12

Most investigators agree upon three factors, that is, vision,
somatic sense, kinetic static sense, and possibly hydrostatic
change in the body tissues, as being the important ones .

However,

not all at them agree upon their relative importance .
When man was strictly a land-bound individual, he depended to
a great extent upon the somatic senses for the maintenance of bis
14
equilibrium. Pressure upon the soles of his feet is the main
factor.

In the water, wherein all pressures are equalized, the

primary equilibratory mechanism is the vestibular apparatus and the
somatic senses are of no, or little, value as attested by the fact
that fishes have a very highly developed vestibular apparatus.
Upon the invasion of the air by man he iznnEdiately subjected
himself to a new force so that when he flew, he had to contena with
the usual force of gravity and, also since the airplane becomes a
14
.miniature celestial body, a farce within the plane. The flyer must
now completely disregard his habitual equilibratory mechanism inasIlllCh as he has only one infallible means of determining his relation to the earth - he must see it and if that is impossible than
he must have instruments that can "see" it ••• • • "Man cannot fly

without visual contact with gravity".
As
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14

was mentioned a short time ago the relative importance of

the three mechanisms are debatable, however, most investigators

12, 13, 15,

agree that vision is most important to the aviator

1,

for

his sense of equilibrium. • While flying he Imlst learn to keep in
view a certain relationship between the nose of the plane and the
12
horizon. The foregoing statement has greater significance when one

considers the fact that aerial vision is .modified by the remoteness
of fixed points of reference so that only relatively great deviations of positions and distances can be recognized, thus aerial
vision is not as accurate as that on the ground.

The accuracy of

visual depth perception is inversely proportional to the altitude.
As early as 1920 it was established that without vision during
a :flight the pilot became hopelessly confused, thus it was essential that some sort of instruments be present in order to ny an
exact parallel course with the earth.

About the same time the U.s.

Air Corps began experimenting in order to develop some sort o:f
instrument that would be a reliable substitute of vision.

As a re-

sult of this work there evolved two instruments - the turn and bank
indicator and the artificial horizon, which, theoretically were
able to supplant vision, but in actual flight they led to a state
of confusion for the pilot.
It was discovered experimentally that a blindfolded man attempting to walk in a straight line gradually went to the right or
left in a decreasing spiral path.

In an attempt to :further under-
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stand blind flying, various bird were blindfolded and released in
the air.

However, it was soon discovered that the birds immediate-

ly set their wings and landed, making no attempt to fly.
l

Through experimentation in blind flying it was determined that
if the body is rotated in aey dimension of space the vestibular,
vision and somatic senses acting via the brain convey certain definite I!Bssages.

If the rotation is gradual (at least 2 to 4 degrees/

see. , according to Dodge

Mann 9

) r ather than violent it will be

known where the body is in relation to the earth and its direction
of rotation. · when the rotation ceases, a momentary vertigo occurs
but by the use of vision, the body will readjust its position and
maintain equilibrium.

However, it vision is obscured so that there

is no fixed point of reference, there is no regaining of position
and equilibrium is lost .

Also if the rotation is so gradual that

the pilot is unaware of the rotation he may, upon regaining vision,
suddenly discover that he is completely out of position.

SU.ch is

the case in blind flying and the explanation of the fact that oftentimes, especially during the World War I days, a pilot flying a
long time in a cloud would suddenly errerge from it, flying upside
down.

1
Myers using an experienced pilot as a subject discovered that

when sight was abolished, the subject was unable to tell which way
his body was turning, but when the subject was able to see the instruments, it was impossible to confuse him, and he answered all
questions concerning direction of motion, starting, stopping, etc .
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correctly.

From this experiment it can easily be concluded that

the pilot flying blind has only one salvation and that is to ignore
his sensations and watch his instruments.

Experienced pilots learn

to do just that very thing plus the utilization of their somatic
sense, which will be discussed further on in this paper.

Early otological opinion was that in order to be a competent
pilot one must have a sensitive labyrinthine reaction, however, experimental work was done by the Air Corps, using normal individuals
at controls, deaf mutes lacking vestibular perception, deaf mutes
with subnormal vestibular perception, tabetics and ballet dancers.
a result of these studies it was round that it was detrimental
1
to have sensitive labyrinth reactions. Those individuals with sen-

As

sitive labyrinth reaction suffered frequently from vertigo, nausea
and/or vomiting, and thus are candidates for rejection.

subsequent

work has shown that experienced pilots acquire the ability, wherein the superior centers suppress the primary sensation originating
16
by the organs of sense; in other words, the pilot learns to
"accommodate" by ignoring the comnands af his labyrinth.
17
Wodak also made studies with experienced pilots and discovered
that a physiological hypo-excitability develops and is an indication that they have become acclimated to their work.

However, in

spite of this diminished response to stimulation, pilots may suffer serious damge to the vestibular apparatus in stormy weather
and especially so if they are overly fatigued.

Hypo-excitability

found in seasoned pilots is only a temporary acquisition and it has
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been shown that those experienced pilots who have had a long vacation from flying recover their normal vestibular excitability.
As has been stated, experienced pilots learn to ignore their
vestibular sensations and rely upon their instruments. HC1Never, at
1, 22
times, there occurs an interesting phenomenon
known as the
ffleansff and technically, as static vertigo.

It occurs during a

blind flight, where the pilot is flying entirely by instruments and
ignoring any sensations that he might feel, when for some reason,
he takes his eyes tram the instrument board and during this interval the plane happens to roll several degrees to the left, and recover very slowly, so that the pilot senses the roll but not the
recovery.

As a result, he feels that the plane and himself e.re

tilted to the left, but though he looks at the instruments which
show the airplane to have regained its orginal position, he is unable to suppress that sensation of t 11 ting to the left, whereupon
he tilts his body to the right, thus reestablishing, in his own
mind, his vertical position, and continues tony his plane by the
instruments.

such a condition may continue until the pilot actual-

ly sees the earth.

15

It has been found that the labyrinths have a relatively high
threshold so that normal maneuvers are not detected, but whenever
there was sufficient rotary movement to stinnllate the labyrinth,
an erroneous concept results - a good example of this occurs when
an airplane goes into a spin.

No sensation is present during the

spin, but when it stops, the pilot gets the impression that he is

..
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spinning in the opposite direction, whereupon the inexperienced pilot, if he is unable to see the earth to gain orientation, is apt
to correct for that false impression, and immediately fall into another spin in the same direction.
Interestingly enough, any acrobatics involving a rotary motion
are seldom sensed as such with the eyes closed, but rather there is
an impression of an up-and-down or vertical linear motion only.
Thus, one may conclude that the sensitivity of the labyrinth in the
absence of sight to angular airplane motion can not be very great .
It is evident from the previous discussion that the value of
the labyrinth to the pilot will vary according to the circumstances,
that hypersensitive labyrinth induces airsickness, vertigo and seriously interferes with flying;
tion from aviation .

hence, is adequate cause for rejec-

Also that normal l~byrinths aid the flyer un-

less they become overstimulated.
In the "good old days" of aviation when an aviator was considered a superhuman, he relied to a great extent upon the "feel"
of the ship and the never to be forgotten phrase that he flew "by
the seat of his pants".

In the ensuing discussion I shall attempt

to point out the relative importance of somatic sense as applied in
flying .

1

Under the somatic sense must be included deep sensibility

(muscle , joint and tendon sense), visceral sensation, touch, pres1
sure and other skin sensations . Armstrong is of the opinion that
it mould be regarded as.having greater importance than it is now
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accorded.
Changes in the angular association between the parts of the
organism from lengthening and shortening of muscles and tendons,
from the sense of touch and pressure, from the shifting of the viscera and from the pull of gravity all are sufficient to serve as
adequate stimuli for the somtic senses.

Hcw,ever, during flight

some of these stimuli become .IID.lCh stronger.

In flying it necessi-

tates using a-certain amount of force on the controls to make a
certain maneuver and experienced pilots, being accustomed to the
controls, use this as a guide in attaining the desired response or
position of the plane.
days.

This was true even during the World War I

Lieutenant-Colonel Flack of the R.A.F., writing in H. G.
20

Anderson's book "Medical and SUrgical Aspects of Aviation" 1919,
states that an experienced pilot attempted an experiment of flying
without sight.

He was able to tell the kinds of evolutions being

executed fairly well, chiefly because of the "feel" of his seat,
but was unable to correctly maneuver his plane so that upon making
a turn, he stalled but was aware of this because of the "nru.shy"
reeling of the joystick.

From this and the fact concerning the

sensitivity of the labyrinth to angular motions without sight, it
would seem to indicate that the somatic senses are most sensitive
to linear airplane motions than the labyrinth is to angular motions.
HCMever not all writers are in agreement as to the sensitivi15
ty of' the somatic senses. Poppen 1s or the opinion that the somatic sense is not highly developed enough to detect anything but

,.

J
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pronounced or sudden changes.

18
Richardson believes that the muscu-

lar sense is ot no value in determining equilibrium except that it
indirectly informs the pilot whether or not he is slipping or
skidding.
Early in the study ot aviation there was an attempt to create
as nearly as possible flying conditions in the laboratory.

Included

in this study was the various types of vertigo, and their possible
application, and occurrence during various flight maneuvers.
19
Fisher and Lyman state that there are three principal planes
of vertigo - horizontal, vertical, and sagittal. It has been discovered that the horizontal type is definitely less disturbing than
the others so that whenever, for instance, a vertical vertigo occurs, it may be made innocuous by tipping the head forward, thus
changing the vertical canals into horizontal and converting the
vertigo into the less disturbing horizontal type.

HCJNever, all

types ot vertigo, regardless as to how they are induced, are made
less am less disturbing by continual repetition.
By placing the subject, or pilot, in certain positions, vari-

ous airplane maneuvers may be simulated.

The spinning nose dive is

so simulated by having the pilot whirled face downward in a B!r!ny
chair about an axis with his head and body practically parallel
with the ground.

Thus, there is a stinru.lation of the vertical can-

als in the frontal plane so that when he stops whirling and sits
erect, the plane ot vertigo is changed from a horizontal to a vertical in the i'rontal plane, and to correct this, he throws his body

,
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to one side or the other with violence.

_,,

This dangerous reaction may be prevented by bowing the head 90
degrees forward during the nosedive, facing the floor of the cockpit by which the pilot thus allows only his horizontal canals to be
stimulated.

It is also.,.ossible to avoid this reaction and still

sit upright during the maneuver.

•
-d

That involves bowing the head for-

ward after the maneuver thus converting the vertical into a horizontal vertigo.
bend the

However, it is most advisable for the pilot to

forward during the maneuver as he must be sitting

erect after leveling off in order to see the new position of his
plane in respect to the enemy or the ground.
During a tight s~iral maneuver, the pilot is whirled about an
axis with his head and body practically parallel with the ground,
but facing the horizon.

Thus stimulation occurs in the vertical

canals but in a plane practically parallel with the ground as long
as the spiral lasts.

When coming out of the maneuver, the plane of

vertigo which has been horizontal becomes converted to a vertical
in the sagittal plane so that the pilot feels himself pitching foror backward and may crash in attempting to correct for this false
sensation.

such a maneuver may be simulated in the revolving chair

by turning the subject with his head sharply inclined laterally
over his shoulder.

In the above maneuver the pilot may prevent

this dangerous vertigo by tilting his head sharply to one side when
coming out of the spiral.

The same sagittal vertigo occurs when

t he pilot does a loop, but is less severe, and the pilot may correct

,..

....
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tor this if he tilts his head sharply to one aide.
From the preceding discussion it is evident that it is of
high importance to avoid a vertical vertigo whether it is in the
frontal or aagittal plane and that it is possible to convert in
most maneuvers the vertical vertigo into a less dangerous horizontal type.

Likewise the application of physiological principles

may be made to other maneuvers also;

16

such as to the tonneaux

wherein the turn takes place in e. vertical frontal plane and it'
the pilot has sat am remained upright, the vertigo can produce a
fall reaction to the right or left.

This may be changed by bowing

the head forward 90 degrees during the maneuver, thus converting
the

vertical vertigo into a less disturbing horizontal one.
All pilots by practice learn to overcome the reaction to a

vertical vertigo to a certain degree - they learn to interpret it
as an illusion and usually succeed in suppressing the inclination
to correct for this illusion.

However, it sometimes occurs that a

pilot recovering from an illness, worry, or a previous ere.sh, is
unable to suppress the inclination to correct for the illusion due
to a serious vertigo and throws his plane into a second nosedive,
and possibly crash.
Much of the discussion in this paper has been concerning military aviation, and rightly so that it should, because prior to
the last few years practically all experimentation was done by the
military service of the world, and the majority of the pilots were
army-trained.

However, since the establishment of the large air-
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lines of the country these private companies have been doing work
for their own benefit, and have done much for the air transportation industry as a whole.

They regard it unnecessary to use the
21
revolving chair to determine, for instance, past-pointing because
they have found that experienced pilots do not past-point normally

due to the fact that they "accoI1111odate" to the unusual motion because~of habituation.
However much we may discuss the various factors involved in
equilibration, Fisher (Mann - Military surgeon 1929) sums it up
adequately by saying, "Equilibration, in a broad sense, is not the
result of a functioning of any one special sense.

It is a brain

function and it is the brain not the ear, eyes or muscle sense
that constitute the true equilibratory machanism.

It is the brain

that sends out the necessary massages to the musculature of the
body when something occurs to produce disequilibration.

The brain

is able to accomplish this properly or improperly depending on the
quality and quantity of information it receives from the various
special senses.

In this manner the vestibular, visual and nru.scu-

lar mechamisms, etc. are simply able to contribute to the brain
some information which aids the brain to function as an equilibratory organ.

Equilibration is perfect when all special senses

function perfectly and loss of :!'unction or perverted function trcm
any of the special senses will undoubtedly act as a handicap to
the real equilibratory organ - the brain".
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